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I ,  INTBODUCTION 

T h i s  report sumraarizes attenuation a n d  r a i n  rate d a t a  

c o l l e c t e d  during the 1978 c a l e n d a r  year on downlink p a t h s  from 

t h e  CTS s p a c e c r a f t  (11-7 GBz) a n d  t h e  COBSTAB family of 

s a t e l l i t e s  (79.04 and 28-56 GHz), For i n f o r m a t i o n  on t h e  

e x p e r i m e n t a l  h a r d w a r e  the reader s h o u l d  c o n s u l t  QUABTEEiLY 

TECHNICAL PROGBESS REPORT 1 OB A DEPOLARIZATION A N D  ATTENUATION 

EXPERIf lENT U S I N G  TEE COElSTAB AND CTS SATELLITES by C, 0 .  B o s t i a n ,  

S, B, Bolt, S, R, Kauffman, E, A, Banus, 3, E, Harshall, W. P- 

Ovesstreet ,  €3, 8, P e r s i n g e r ,  i?, L, Stu tzman ,  and  P, 8. filey, 

d a t e d  December 22, 1976, Detai ls  o n  the data r e d u c t i o n  procedure 

used are c o n t a i n e d  in FINAL REPOBT (SECOND Y E U  O F  #OBK) ON A 

D E P O L A R I Z A T I O N  A N D  ATTENUATION EXPERIMENT U S I I G  TEE C O B S T A B  ANI) 

C T S  SATELLITES by C,. E. B o s t i a n ,  S .  B. Kanffman, E. 8- Eanus,  R. 

E, Barshall, k', P, O v e r s t r e e t ,  P, R ,  Persinger, 8 ,  L- Stutzman, 

and P, 8, B i l e y ,  da t ea  February 9, 1978, Both reports were 

s u b m i t t e d  for  C o n t r a c t  NASS-22577, 

A l l  11.7 GHz d a t a  p r e s e n t e d  were t a k e n  with the CTS 

spacecraft at a nominal e l e v a t i o n  a n g l e  of 33 degrees .  The 19.Oai 

G H z  da ta  €or  J a n u a r y  t h r o u g h  August were t a k e n  from C O P S T A R  D-2 

a t  44 d e g r e e s  e l e v a t i o n ;  D-2 was t u r n e d  off at t h e  end  of Aagust 

a n d  s u b s e q u e n t  d a t a  were collected with l3-3 a t  46 d e g r e e s  

e l e v a t i o n ,  Because  o€ problems u i t h  the 0-2 spacecraft ,  the 

28-56  d a t a  came from three satellites: D-2 (44 degrees 

e l e v a t i o n )  for J a n u a r y  through aid June,  D-1  (24.5 d@greeS 

e l e v a t i o n )  for part of J u l y  a n d  August ,  and I)-3 (46 degrees 

e l e v a t i o n )  a f te r  Septeraber 1, 
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2, ATTZNUBTIOE A N D  BAINBATE STATISTICS 

2.1 I n t r o d u c t i o n  

The  data which follow are f o r  rain only ,  Because of 

i n h e r e n t  problems in h a n d l i n g  snow events (antennas f i l l  uith 

snow, rain gauges freeze, etc,) # snou data have been e x c l u d e d  

from t h e  data b a s e  r e p o r t e d  h e r e .  i jh i l e  snow fe l l  in January, 

February,  March, A p r i l ,  and Movember, the t i m e  e x c l u d e d  was a 

s i g n i f i c a n t  f r a c t i o n  of a month only in January, 

Table 2.1-1 summarizes the data  c o l l e c t e d  for each month of 

7978, The top row lists the hours  of rain;  the other rows g i v e  

t h e  nuraber of rain hours f o r  which s i g n a l  data were processed €or 

this report ,  Bost of t h e  d i f f e r e n c e s  in rain tine and sigIial  

t i m e  are smal l  and resu l t  from ground equipment down t i m e  01: 

spacecraft i n t e r r u p t i o n s ,  flarch is an exceptiou b e c a u s e  a b o u t  

seven h o u s s  of t h e  observed rain was mixed w i t h  snow- 
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2.2 Monthly Exceedence  Plots 

The f i g u r e s  which follow present percent-of-time data for 

a t t e n u a t i o n  and  r a i n  rate d u r i n g  e a c h  month of t h e  c a l e n d a r  year .  

Several  

1, 

2. 

. 3,  

4. 

comments o n  these are i n  order. 

tlo r a i n  f e l l  i n  Februa ry .  Therefore no r a i n  r a t e  p l o t  

is p r e s e n t e d  arid t h e  signal s t a t i s t i c s  represent f a d e s  

c a u s e d  by o r b i t a l  motion, ice, or snow somewhere in the 

p r o p a g a t i o n  p a t h s ,  

T h e  19-04  GHz data shown for A p r i l  and September are 

estimated from data c o l l e c t e d  on the 28 G H z  downl ink .  

The  28-56 G H 2  data %or J u l y  a n d  August are f o r  t h e  D - 1  

spacecraft a t  a low (24.5 degrees) e l e v a t i o n  angle- 

Some of t h e s e  in July are e s t i aa t ed  from 19-04 GHz data ,  

The J a n u a r y  percent-of - t ime p l o t s  r e p r e s e n t  only t h e  two 

s h o r t  time periods during the month when rain - rather 
than snow - fell, These extende0 from a b o u t  0000 (UT) 

on J a n u a r y  3 until 0600 on J a n u a r y  9 and from 7800 on 

J a n u a r y  25 u n t i l  1000 on January 26, The two p e r i o d s  

were combined  to form the data  base  for J a n u a r y -  A 1 1  of 

the other mrtth ly  d a t a  reported are €or full c a l e n d a r  

months e x c e p t  €or J u l y  where the t i m e b a s e  begins on J u l y  

2. > 
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Figure 2.2-2. Attenuation percent o f  time da ta  f o r  January, 1978. 



I 

lO .OOO.0  

1 . 0000 

0.1000 

0.0100 

0.0010 

d.ooo1 
0 

\ 

- 11.7 GHZ. 
0 - 19.OtlV GHZ. 
X - 28.56 GHZ. 

5. d 10 .'0 lS!O 20 .'o 25!0 30!0 35 
, A T T E N U A T I O N  I N  DB 
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Figure 2.2-4. Rain rate percent o f  time da ta  f o r  March, 1978. 
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Figure 2.2-7. Attenuation percent o f  time data  f o r  April, 1978. 
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Figure 2.2-8. Rain r a t e  percent of- time data f o r  May, 1978. 
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Figure 2.2-11. Attenuation percent'of time data fo r  June, 1978. 
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Figure 2.2-12. Rain r a t e  percent o f  time da ta  for July, 1978. 
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Figure 2.2-13. Attenuation percent o f  time data f o r  July, 1978. 
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Figure 2.2-14. Rain ra te  percent of time da ta  for  August, 1978. 
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Figure 2.2-15. Attenuation percent o f  time data f o r  August, 1978. 
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Figure 2.2-16. Rain r a t e  percent of ctime data  f o r  September, 1978, 
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Figure 2.2-17. Attenuation percent’of time data fo r  September, 1978. 
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Figure 2.2-18. Rain r a t e  percent o f  t ime  data f o r  October, 1978. 
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Figure 2.2-19. At tenuat ion percent o f  time data f o r  October, 1978. 
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Figure 2.2-20. Rain rate percent o f  time data for November, 1978. 
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Figure 2.2-22. Rain rate percent  of time data  for December, 1978. 
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2.3 Q u a r t e r l y  a n d  Annual  Data 

T o  p r o d u c e  a n n u a l  s t a t i s t i c s ,  data  for t h e  t h r e e  months  i n  

each c a l e n d a r  q u a r t e r  were combined t o  y i e l d  quarterly 

a t t e n u a t i o n  and r a i n  r a t e  statist ics,  Q u a r t e r l y  d a t a  were 

combined to g e n e r a t e  h a l f - y e a r  data for the war& a o n t h s  (April 

t h r o u g h  S e p t e m b e r )  a n d  t h e  cold months (January, F e b r u a r y ,  Barch, 

O c t o b e r ,  November, a n d  December). The two h a l f - y e a r  d a t a  bases 

were then combined t o  y i e l d  the a n n u a l  p e r c e n t - o f - t i m e  plots for  

rain f a t e  and  attenuation shown in F i g u r e s  2-3-1 and  2.3-2. 

E x a c t  i n t e r p r e t a t i o n  of t h e  28-56 GHz data i n  F i g u r e  2.3-2 

is impossible b e c a u s e  o b s e r v a t i o n s  a t  a low e l e v a t i o n  a n g l e  (24.5 

d e g r e e s )  have been merged w i t h  t h o s e  from higher e l e v a t i o n  a n g l e s  

(44 and 46 degrees), Since a t t e n u a t i o n  decreases with increasing 

e l e v a t i o n  a n g l e ,  i t  is safe t o  assuae that f i g u r e  2-3-2 

represents worst-case 1978 a n n u a l  da ta  for a 28.55 Gfiz s a t e l l i t e  

p a t h  a t  46 d e g r e e s  e l e v a t i o n ,  



30.0000 

1.0000 

0. iooo 

0.0100 

0.0010 

0.0001 
0 

29 

V P I  RND SU SFITELLITE GROUP 
R R I N  D R T R  F O R  THE Y E A R  OF 1978 

x - RAIN RATE. 

Figure 2.3-1. Rain r a t e  percent o f  time data f o r  calendar year 1978. 
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Figurey2.3-2. Attenuation percent of time data for  calendar year 1978. 
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2.4 A t t e n u a t i o n  Summary 

T a b l e  2.4-1 through 2.4-3 g i v e  the p e r c e n t a g e s  of t i m e  t h a t  

a t t e n u a t i o n s  of 5, 10, 15, 2 0 ,  25,  30 d3 were e q u a l l e d  or 

exceeded for each mouth (except January) and for the 1978 

calendar year, Uhi le  t h e  January data are i n c l u d e d  i n  the yearly 

t o t a l ,  they are n o t  compared w i t h  the other m o n t h s  b e c a u s e  t h e  

Jariuary d a t a  s p a n  o n l y  a f e u  hours,  
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2-5 Colcparing A t t e n u a t i o n  and R a i n  Rate 

The values of a t t e n u a t i o n  and rain r a t e  e q u a l l e d  or exceeded 

€or  t h e  same percentage of t i m e  are of p a r t i c u l a r  i m p o r t a n c e  i n  

r a i n  a t t e n u a t i o n  mode l ing  and p r e d i c t i o n ,  Tables 2.5- 1 t h r o u g h  

2 - 5 3  present t h e s e  for e a c h  integer v a l u e  of o b s e r v e d  

a t t e n o a t i o n  for e a c h  month, quarter, and h a l f  y e a r  of 1978 a n d  

f o r  t h e  e n t i r e  yea r ,  The reader is cautioned t h a t  t h e  28 G H z  

data  f o r  t h e  t h i r d  q u a r t e r  (JAS),  for t h e  uarm months [W), and 

for the year in )  combine  o b s e r v a t i o n s  from p a t h s  with 

s i g n i f i c a n t l y  different e l e v a t i o n  a n g l e s ,  

\ F o r  a given r a i n  rate, t h e  month-to-month variations i n  

a t t e n u a t i o n  are smallest  at 17.7 GHz and largest  a t  28.56 GHz, 

T h i s  is t o  b e  expected, a s  a month ' s  d a t a  c a n  be s i g n i z i c a n t l y  

b i a s e d  b y  a s i n g l e  i n t e n s e  r a i n  ce l l  which passes through the 

p r o p a g a t i o n  p a t h  but misses the .rain gauge 01; v i c e  versa, Siuce 

specific a t t e n u a t i o n  i n c r e a s e s  strongly w i t h  f r e q u e n c y ,  rain 

cells w h i c h  miss t h e  g a u g e  should p r o v i d e  p r o p o r t i o n a l l y  more 

effect a t  28-56 G H z  t h a n  a t  11-7 GHz, 

A common feature of T a b l e s  2-5-7 tbrongh 2-5-3 is t h e  

p e r s i s t e n c e  of s e v e r a l  dB a t t e n u a t i o n  a t  low (1-2 ram/hr) r a i n  

rates. T h i s  c o u l d  r e s u l t  from (1) local terrain features g u i d i n g  

some storm cel ls  s o  t h a t  t h e y  cross the p a t h  b u t  bypass t h e  r a i n  

g a u g e s ,  (2) d i u r n a l  s i g n a l  f l u c t u a t i o n s  due t o  o r b i t a l  motion of 

t h e  sate l l i tes ,  or  (3) b o t h  of the above ,  S i n c e  o u r  e a r t h  

s t a t i o n  employs programmed a n t e n n a  p o i n t i n g  a t  11.7 GBs and 

f i x e d - p o i n t i n g  a t  19-04 and 28-56 GHz (rather t h a n  t h e  a u t o t r a c k  

u s e d  a t  soBe stations), some orbital s i g n a l  v a r i a t i o n  i s  

u n a v o i d a b l e ,  A t  b e s t  t h i s  r e p r e s e n t s  a b o u t  2 dB peak-to-peak 
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clear weather s i g n a l  change in 24 hours and o c c a s i o n a l l y  reaches 

4 to 6 d3 ,  He h a v e  minimized t h e  effect by c a l c u l a t i n g  

a t t e n u a t i o n  from t h e  meaa signals for each month (except f o r  

January where the short  data  p e r i o d  p e r m i t t e d  peak values were 

used), b u t  it cannot be e l i m i n a t e d  entirely, 
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Table 2.5-1. 1978 11.7 GHz Equal Probabi l i ty  Attenuation and Rain Rate 
Values by the Month, Quar t e r ,  Half Year ( W  = warm = 
Apri l  - September; C = cold = January - March and 
October - December), and Year. A * ind ica tes  the 
f i r s t  a t tenuat ion below the .01% level. 
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Table 2.5-1 (continued). 1978 11.7 GHz Equal Probability Attenuation and Rain Rate 
Values by the Month, Quarter, Half Year ( W  = warm = 
April  - September; C = cold = January - March and 
October - December), and Year. A * indicates the 
f i r s t  attenuation below the . O l %  level. 
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Table 2.5-1 (continued).  1978 11.7 GHz Equal Probabi l i ty  Attenuation and Rain Rate 
Values by the Month, Quar t e r ,  Half Year ( W  - warm = 
April - September, C = cold = January - March and 
October - December), and Year. A * ind ica tes  the 
f i rs t  at tenuat ion below the .01% l eve l .  
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Table 2.5-2. 1978 19.04 GHz V Equal-Probability Attenuation and Rain Rate 
Values by the Month, Quarter,  Half Year ( W  = warm = 
April - September; C = cold = January - March and . 
October - December), and Year. 
attenuation below the .Ol% level. 

A * indicates the f i rs t  
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Table 2.5-2 (continued). 1978 19.04 GHz V Equal-Probability Attenuation and Rain Rate 
Values by the Month, Quarter,  Half Year ( W  = warm = 
April - September; C = cold = January - March and 
October - December), and Year. 
attenuation below the .01% level.  

A * indicates the first 
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Table 2.5-2 ( con t inued) .  1978 19.04 GHz V Equal -Probabi l i ty  At tenuat ion  and Rain Rate 
Val ues by the Month, Quar te r ,  Half Year (W = warm = 
Apri l  - September; C = cold  = January  - March and 
October - December), and Year. 
a t t e n u a t i o n  below the .01% l e v e l .  

A * i n d i c a t e s  the f i r s t  
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Table 2.5-3. 1978 28.56 GHz V Equal-Probability Attenuation and Rain Rate 
Values by the Month, Quarter,  Half Year ( W  = warm = 
April  - September; C = cold = January - March and 
October - December), and Year. 
attenuation below the -01% level. 

A * indicates the first - D2 --------)I.+ D1 3 t D 3  9-k D2 D2 D3 
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Table 2 .5 -3  (continued). 1978 28.56 GHz V Equal-Probability Attenuation and Rain Rate 
Values by the Month, Quarter, Half Year ( W  = warm = 
Apri l  - September; C = cold = January - March and 
October - December), and Year. 
attenuation below the .Ol% level. 

A * indicates the f i r s t  

- DZ - 9 D l  +-D3 - D2 D2 D3 
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Table 2.5-3 (continued). 1978 28.56 GHz V Equal-Probability Attenuation and Rain Rate 
Values by the Month, Quarter, Half Year (W = warm = 
April - September; C = cold = January - March and 
October - December), and Year. 
attenuation below the .01% level.  

A * indicates the f i r s t  
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3 ,  I S O L A T I O N  

D u r i n g  1978 we c o l l e c t e d  n e a r l y  e q u a l  amoun t s  of i s o l a t i o n  

a n d  a t t e n u a t i o n  data, work is  presently i n  progress on the 

i s o l a t i o n  s t a t i s t i c s ,  a n d  these will be p r e s e n t e d  a t  a l a t e r  

time. 

A q u e s t i o n  02 general i n t e r e s t  is  t h e  e x t e n t  to which 

isolation da ta  a n 6  s t a t i s t i c s  may be i n f e r r e d  from a t t e n u a t i o n  

measu remen t s  a l o n e .  One a p p r o a c h  t a k e n  by s e v e r a l  g r o u p s  h a s  

been t o  look a t  t h e o r e t i c a l  OK empirical e q u a t i o n s  of the form 

I = U - V*log ( A )  
10 

where I and  A a r e  s i m u l t a n e o u s  d e c i b e l  values of isolation a n d  

a t t e n u a t i o n ,  Our e x p e r i e n c e  h a s  been t h a t  s o m e t i n e s  t h i s  

equation p r o v i d e s  a n  e x c e l l e n t  f i t  t o  t h e  data a n 6  soznet imes it 

docs n o t ;  there is considerable month-to-month v a r i a t i o n  t h a t  is 

a s  y e t  u n e x p l a i n e d ,  Table 3-1 p r e s e n t s  t h e  l e a s t - s q u a r e  fit U, V 

v a l u e s  t h a t  we o b t a i n e d  a t  each f r e q u e n c y  f o r  e a c h  month i n  1978 

a l o n g  w i t h  i n f o r m a t i o n  OR t h e  number of p o i n t s  u s e d  a n d  t h e  

goodness of t h e  fit o b t a i n e d  (R-squared),  GJe are c o n t i n u i n g  t o  

s t u d y  the relationship b e t u e e n  i s o l a t i o n  a n d  a t t e n n a t i o n  a n d  will 

p r e s e n t  a d e t a i l e d  feport  on it i n  t h e  f u t u r e .  
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